Introduction
The capture and subsequent discarding of unwanted species and sizes is recognized as damaging to both fisheries and marine conservation objectives (Kelleher 2005) . Therefore, 4 in front of the trawl typically do so by preventing certain species from entering the gear. For 68 example, a raised footrope can reduce the catch of flatfish and juveniles of demersal fish 69 (Hannah and Jones 2001; Krag et al. 2010 ); a topless gear allows the escape of roundfish 70 species over the headline (He et al. 2007; Krag et al. 2015) ; and a modification of the sweeps 71 interferes with the herding of fish towards the net mouth (Rose et al. 2010; Sistiaga et al. 72 2015). These devices have the advantage of minimizing fish interaction with the gear since they 73 address the initial stimuli that cause fish capture in the first place. Therefore, they likely 74 enhance species survival and fitness (Chopin and Arimoto 1995) . 75 During fishing, the doors and sweeps of the trawl are the first parts of the gear that interact 76 with the fish. These components determine the overall geometry of the trawl, as the doors 77 spread the gear and the sweeps connect the doors to the trawl. However, doors and sweeps 78 also herd fish into the path of the trawl by exploiting their natural anti-predator behaviour 79 (Glass and Wardle 1989; Engås and Ona 1990; Winger et al. 2010) . The herding process starts 80 with an anti-predator reaction triggered by the approaching trawl. The doors and sweeps 81 produce vibrations and a sand cloud, thus stimulating fish's avoidance behaviour. Their 82 reactions are often considered to be mainly vision-dependent, as herding has been observed to 83 cease at low light levels (Wardle 1993; Kim and Wardle 1998) ; however other stimuli associate 5 (Noettestad and Axelsen 1999; He 2011) . Despite these differences, all individuals in the area 90 between the doors that flee are herded towards the trawl mouth. Nonetheless, for herding to 91 be effective, fish must have sufficient time and endurance to reach the trawl mouth (Winger et 92 al. 2010 ). Thus, it is a fish's swimming capacity that determines its herding potential. If a fish's 93 endurance is lower than the time required to cover the distance to the trawl mouth, it is 94 overrun by the sweeps and escapes capture (e.g., Mathai et al. 1984; Winger et al. 2004; 95 Sistiaga et al. 2015) . Swimming performances are known to vary among species and sizes, to 96 depend on individual fitness, and to be influenced by environmental parameters like 97 temperature (Winger et al. 2010) . 98 Ryer (2008) hypothesized that herding of roundfish in a flatfish-directed trawl fishery could be 99 reduced with a counter-herding design, e.g. a second inverted stimulus, positioned between 100 the sweeps. However, Ryer (2008) also highlighted how the implementation of such a counter-101 herding device would entail significant engineering challenges. For example, different tensions 102 were expected on the components of the device when the spread of the trawl doors changes 103 according to bottom topography and sediment characteristics. For this reason, no scientific test 7 strands, 26 mm in diameter, 0.31 kg/m), meant to sweep the sea bottom and generate a sand 132 cloud. Viking links and hammer locks (1.5 t lift, 0.7 kg), as well as swivels, were used to connect 133 the FLEXSELECT lines to the gear components and to the central ring. These facilitated efficient 134 coupling and decoupling of the FLEXSELECT lines to the gear. The challenge in designing 135 FLEXSELECT was to make an efficient counter-herding stimulus without preventing the trawl 136 from obtaining its intended geometry. It can be expected that heavier ropes would improve 137 the herding efficiency as the interaction with the seafloor and sand cloud would be greater. 138 However, a heavier device also increases the operational difficulties in terms of obtaining an 139 optimal spread of the gear. Therefore, relative light materials were chosen.
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Sea Trial
141
The experimental trial was conducted on board the research vessel "Havfisken" (17 m, 373 142 kW), during 5-20 September 2016. The vessel was equipped for three-wire, twin-trawling, with 143 two identical Combi trawls (40 m long footrope, 420 meshes circumference) towed in parallel. 144 The two trawls were equipped with identical 40 mm square mesh codends to retain the entire 145 population encountered. Actual mesh sizes were measured on dry netting (41.65±1.33). Each 146 codend was horizontally divided into two compartments due to a second experiment not 147 included in the present study. 148 FLEXSELECT was mounted on one trawl while the other worked as a control. This setting 149 assured that both trawls encountered similar species compositions and abundances over time. 150 To prevent any systematic effect of the trawl position (side of the vessel) on the catch, the 151 FLEXSELECT device was shifted from one trawl to the other approximately every sixth haul. The 8 distance between the inner wingtip of the two trawls, about 50 m, was assumed sufficient to 153 prevent overestimation of the control catch due to fish escaping from the FLEXSELECT device. 154 The twin rig was spread with two Type 2 Thyborøn doors (1.78 m 2 , 197 kg), with an additional 155 weight of 25 kg to obtain a better spreading force, and a 400 kg triangular central clump. The 156 trawls were rigged with 75 m long single wire sweeps with 4.3 cm (diameter) rubber cookies. 157 The trawl doors and clump were equipped with distance sensors (Simrad PI), which 158 continuously provided information about the spread of the two trawls during towing. Since 159 only one trawl was equipped with the counter-herding device and thus potentially limited in its 160 spread, the two values were constantly monitored during towing. 161 Fishing was conducted in commercial grounds in the Skagerrak Sea, at depths between 33 m 162 and 87 m. To investigate the diel effects, hauls were performed during day-and night-time, 163 avoiding one hour before and after sunrise and sunset. The total catch was weighed and sorted 164 by species. The total length of all commercial fish species and the carapace length of Nephrops 165 were measured and rounded down to the nearest centimetre and millimetre, respectively. 167 The only difference between the two trawls was the attachment of FLEXSELECT to one of them. 168 Therefore, any difference in the catch between the two trawls was assumed to be caused by 169 FLEXSELECT presence. Its effect was assessed for each species separately, comparing the 170 catches of the test trawl (T) and the control trawl (C) while accounting for potential length 171 dependencies. Count data for the different length groups of each species were used to 172 estimate the curvature of a model for the size-dependent catch comparison rate cc(l) with 95% 9 Efron confidence intervals (Efron 1982) . The confidence intervals were based on double 174 bootstrapping (1000 repetitions), accounting for uncertainty due to within-and between-haul 175 variation in the catching process. For each species, only hauls with 10 or more individuals were 176 included in the analysis following Krag et al. (2014) . Separate analyses were conducted for day-177 and night-time hauls to enable inferring potential diel differences in the efficiency of the 178 FLEXSELECT device. We adapted the catch comparison analysis methodology based on paired 179 catch data described by Krag et al. (2015) while adopting recent improvements in model 180 average estimation described by Herrmann et al. (2017) . The analyses were performed using 181 the software SELNET (Herrmann et al. 2012) . The statistical procedure is described step-by-step 182 in Appendix 1. 183 The baseline for no effect on the catch comparison rate is a value of 0.5 for paired catch 184 comparison data (Krag et al. 2014 ). However, this assumed that the two trawls fished an area 185 of similar size. We considered that, according to the proportions of the trawls used in this 186 study, a difference in spread between the two trawls higher than 4 m could have consequences 187 on the overall geometry of the trawls. Therefore, those hauls were excluded from the analyses. 188 For smaller differences we calculated a bias-corrected baseline cc 0 that accounted for little 189 changes in the towed area:
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Statistical analyses
where STj and SCj are the averaged door-to-clump distances for the test and control trawls in 192 haul j, respectively. 10 Catch ratios (cr) and 95% Efron confidence intervals were calculated to directly quantify the 194 differences in catch between the test and control trawls. Catch ratios were obtained using the 195 relationship between cr and cc (Herrmann et al. 2017 The catch comparison curve for Nephrops described well the experimental data for length 235 classes 25-55 cm (Fig. 2 ). For the lengths where fewer individuals were caught, the catch 236 comparison rates were subject to increasing binominal noise, as shown by the increasing size 237 of the confidence intervals. The ability of the catch comparison curves to describe the 238 experimental data is also demonstrated by the fit statistics (Table 3 ). The p-value for Nephrops 239 is >0.05, meaning that the model can be trusted to represent the experimental data (see 240 Appendix 1). The catch ratio between the test and the control trawls did not detect any 241 significant effect of FLEXSELECT on the target species, as the confidence intervals overlapped 242 the baseline in all the length classes ( Fig. 2 ).
243
Fish species 244 For the six fish species examined, FLEXSELECT reduced the catch in numbers by 39% (CI: 29-245 46%). When considering the Minimum Conservation Reference Sizes (MCRS, previously 246 Minimum Landing Sizes), catches of individuals above and below the limit were reduced by 247 49% (CI: 39-57%) and 29% (CI: 19-39%), respectively (Table 4 ). The catch ratio averaged over 248 length showed significant effects for all fish species except for cod (Table 4 ). This could possibly 249 be due to the high number of small cod caught during the trial. The reduction in catch was 250 strongest for lemon sole (65%), followed by hake (63%), haddock (57%) and whiting (46%). 251 However, these reductions in catch are specific for the population structure encountered 252 during the experiment and cannot be generalized. In particular, the roundfish examined 253 present length-based differences in their response to FLEXSELECT, thus the averaged rates 254 depend on the length classes most abundant in the data. 13 Roundfish 256
The catch comparison curves for all the four roundfish species analysed described the main 257 trends in the data relatively well, without systematic deviations between the experimental 258 points and the modelled curves ( Fig. 3 ). For cod, haddock and whiting, the model fits provided 259 p-values < 0.05 (Table 3) , indicating potential problems with the model in describing the 260 experimental data (see Appendix 1). However, considering that no structure was detected in 261 the deviations between the data and the modelled catch comparison curves for any of the 262 species, the low p-values may be due to overdispersion in the data. Therefore, we were 263 confident in applying the model to describe the catch comparison rates also for these species. individuals followed a different escape strategy or were overrun, remaining in the trawl path. 16 A similar effect also emerged between cod and hake, although varying in the strength of the 319 response. The response of hake to FLEXSELECT's scaring lines was strong for most of the length 320 classes encountered (21-77 cm), despite the low number of individuals. Cod also showed a 321 response to FLEXSELECT for a similar range of classes (25-71 cm) however the effect was 322 smaller and more variable. We compared this result with other modifications introduced in the 323 trawl mouth area to determine if a higher reduction of cod catches can be achieved. Krag et al. 324 (2015) obtained a significant reduction in cod catches for individuals bigger than 35 cm using a 325 topless trawl, but this was strongly affected by the height of the headline and thus not 326 applicable to every trawl. A higher reduction was achieved by raising the footrope (Krag et al. 327 2010), as cod in general tend to stay close to the seafloor. Unfortunately, this solution is not 328 applicable in a crustacean fishery without affecting the catches of the target species. 329 Furthermore, small cod (<14 cm) were caught in significantly higher numbers in the trawl with 330 FLEXSELECT. Juvenile cod are known to stay closer to the seafloor than adult cod, and are often 331 observed to escape below the fishing line after coming in contact with it (Winger et al. 2010).
332
Thus, it is possible that these individuals came in contact with the FLEXSELECT lines and were 333 subsequently exposed to capture by the trawl. In commercial gears, this result does not 334 represent a major concern, as juveniles of these sizes would not be caught by the range of undesirable catch. Among these, shrimp trawl fisheries could benefit from using FLEXSELECT, 372 after its adaptation to the gear geometry, as it may not only reduce fish bycatch but also 373 minimize its interaction with the net and the rest of the catch. Indeed, this "preventive" 374 approach has recently gained interest to address bycatch in these fisheries (McHugh et al. 375 2017). Therefore, the applicability of FLEXSELECT is much wider than the Nephrops-directed 376 mixed trawl fishery presented here and should be tested in other fisheries as well. Moreover, 377 we believe the efficacy of FLEXSELECT could be optimized by modifying the intensity of the 378 stimulus it produces, for example by using heavier components or by increasing their visibility. 379 Nonetheless, before modifications can be introduced in the design, the mechanism through 380 which FLEXSELECT works needs to be better understood. It is unclear from the results of this For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record. Table 1 Overview of the valid hauls, showing the total catch (kg) in the test and control trawls. Hauls were distinguished by time of the day (D=day-time, N=nighttime). The position of the test trawl was inverted every 4-6 hauls from Starboard (S) to Port (P). The total spread (Door spread) and the spread of each trawl are also reported. No data from the clump sensor were available for hauls 25 and 26. 528 Number of individuals and number of hauls per species included in the analyses, for the three analyses performed.
Mean
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Species that were subsampled are indicated with the actual number of individuals measured (in brackets) and the 530 raised total number (see Appendix 1). For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record. For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record. Figure 2 . Catch comparison rates and catch ratios for Nephrops. On the left: the curve (solid line) represents the modeled catch efficiency fitted to the experimental points (dots). The grey band represents 95% confidence intervals and the dashed line the length distribution observed in the catch. The dotted horizontal line, located at 0.49, describes equivalence in catch rates between the two trawls. On the right: catch ratio curve (solid line) with 95% confidence intervals (grey band). The dotted horizontal line, located at 0.98, describes equivalence in catch rates between the two trawls.
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Figures captions
182x61mm (300 x 300 DPI) Figure 3 . Catch comparison rates and catch ratios for the four roundfish species. On the left: catch comparison curves (solid lines) representing the modeled catch efficiencies fitted to the experimental points (dots). The grey bands show 95% confidence intervals and the dashed lines the length distributions observed in the catch. The dotted horizontal lines, located at 0.49, represent the baseline for no effect. On the right: catch ratio curves (solid line) with 95% confidence intervals (grey bands). The dotted horizontal lines, located at 0.98, describe equivalence in catch between the two trawls.
184x226mm (300 x 300 DPI) Figure 4 . Catch comparison rates and catch ratios for the two flatfish species. On the left: catch comparison curves (solid lines) representing the modeled catch efficiencies fitted to the experimental points (dots). The grey bands show 95% confidence intervals and the dashed lines the length distributions observed in the catch. The dotted horizontal lines, located at 0.49, represent the baseline for no effect. On the right: catch ratio curves (solid line) with 95% confidence intervals (grey bands). The dotted horizontal lines, located at 0.98, describe equivalence in catch between the two trawls. curvature for all the different species and considering potential differences between day 20 and night hauls. We adapted a flexible model for cc (l, v) often applied for catch comparison 21 studies (Krag et al., 2014 (Krag et al., , 2015 : Leaving out one or more of the parameters v 0 …v 4 in equation (4) provided 31 additional 27 models that were considered as potential models to describe cc (l,v) . Model averaging, 28 ranking the models according to how likely they were compared to each other (Burnham 29 and Anderson, 2002) , was then applied to describe cc (l,v) . To obtain a combined model, the 30 individual models were ranked and weighted according to their Akaike's Information 31 Criterion (AIC) values (Akaike 1974; Burnham and Anderson 2002; Herrmann et al. 2017) . 32 Models with AIC values within +10 the value of the model with the lowest AIC, were 33 considered to contribute to cc(l,v) (Katsanevakis 2006; Herrmann et al. 2017) . One 34 advantage of using this combined model approach is that we avoid having to choose one 35 specific model among the different candidates. The ability of the combined model to 36 describe the experimental data was assessed based on the p-value, which expresses the 37 likelihood for obtaining at least as large a discrepancy as that observed between the fitted 38 model and the experimental data, by coincidence. Therefore, for the combined model to be 39 a candidate model, the p-value should not be < 0.05 (Wileman et al. 1996) . In cases with 40 Page 37 of 41 Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com by Danmarks Tekniske Informationscenter -Danish Technical University (DTU) on 10/13/17
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record. poor fit statistics (p-value < 0.05; deviance >> degrees of freedom), the deviations between 41 the experimental observed points and the fitted curve were examined to determine 42 whether this was caused by structural problems in describing the experimental data or due 43 to data overdispersion. 44 Confidence intervals (CI) for the size-dependent effect of FLEXSELECT were estimated using 45 a double bootstrap method (Millar 1993) . The procedure accounted for uncertainty due to 46 between-haul variation by selecting h hauls with replacement from the h hauls available 47 during each bootstrap repetition. Within-haul uncertainty in the size structure of the catch 48 data was accounted for by randomly selecting individuals with replacement from each of 49 the selected hauls separately from the four codends. The number of individuals selected 50 from each haul was the number of individuals length measured in that haul in each of the 51 codends, respectively. One thousand bootstrap repetitions were performed, and the Efron 52 95% CI (Efron 1982) was calculated for the catch comparison curve. Incorporating this 53 combined model approach in each of the bootstrap repetitions enabled us to account for 54 additional uncertainty in the catch comparison curve due to model averaging (Herrmann et 55 al. 2017) . 56 The baseline for no effect of FLEXSELECT on the catch comparison rate is a value of 0.5 for 57 paired catch comparison data (Krag et al. 2014 ). However, this assumed that the two trawls 58 fish an area of similar size. Therefore, an additional baseline cc 0 that accounts for potential 59 differences due to differences in door to clump distance is also applied: 60 (5) ܿܿ =
